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Abttract 


Analogy  it  t  poNtrfuI  ttchnigui  in  cottonttntt  litrning  tnd  rttioning.  Ptoplt 

utt  intlogiit  in  probltt  tolving,  in  dtviloping  tintil  todtlt  of  •  ntM  detain, 

ind  in  gaining  tnd  coaaunietting  knoMltdgt.  To  aodol  natural  uiti  of  analogy, 

Mt  ntid  to  understand  the  whole  proceta  of  drawing  an  analogy,  beginning  with 
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accessing  a  potential  analog  and  ending  with  drawing  inferences  or  oKtracting 
a  principle  froa  the  analogy. 

In  this  paper,  1  first  review  the  structure-sapping  theory  of  analogical 
tapping  and  inference  and  describe  a  situlation  of  the  theory.  I  then  extend 
this  fratework  to  the  issue  of  how  potential  analogs  are  accessed.  I  discuss 
recent  research  that  suggests  that  the  acctsaibiiity  of  an  analogical  aatch  is 
governed  by  different  factors  froa  its  isftrtstiai  sousdktss.  Finally,  I 
consider  soae  coapeting  theoretical  approaches  and  suggest  an  integrated 
architecture  for  analogical  processing. 


Ny  goal  in  this  rtatarch  it  to  undtratand  hoM  analogy  and  liailarity  Hork  in 
■Kporitntial  laarning  and  riaioning.  To  undoratand  analogical  learning,  no 
netd  to  knoN  hoN  analogy  ia  acceaaed  and  hoN  it  ia  uaad.  In  ay  prtvioua 
raaaarch  I  focuaad  on  hoN  analogy  la  uaod  in  taking  inftrancaa.  Hort  rtctntly 
I  have  been  inveatigating  acceaa  to  analogiea  in  long  tera  aeaory.  In  thia 
paper  I  will  put  theae  linea  together  into  a  cognitive  architecture  ior 
analogy. 

The  theoretical  fraaework  for  thia  paper  ia  the  atructure-aapping  theory  of 
analogy,  which  givea  the  rulea  for  analogical  tapping  and  alao  functiona  aa  a 
core  theory  for  a  broader  treataent  of  analogical  learning  (Sentnar,  1980, 
1982,  1983|  8entner  ti  8entner,  1983).  The  central  intuition  ia  that  an  analogy 
ia  a  napping  of  knoaledge  froa  one  doaain  (the  bate)  into  another  (the  target) 
which  conveya  that  a  ayatea  of  relationa  that  holda  aoong  the  bate  objecta 
alao  holda  aaong  the  target  objecta.  In  analogy,  the  target  objecta  do  not 
have  to  reaeable  their  correapondlng  bane  objecta.  Objecta  are  placed  in 
correapondence  by  virtue  of  their  like  rolea  in  the  coaaon  relational 
ntructure.  Thua  an  analogy  ia  a  way  of  noticing  relational  coaaonaltiea 
independently  of  the  objecta  in  which  thoae  relationa  are  eabedded.  Central  to 
analogy  ia  the  principle  of  sya teeaticity i  people  prefer  to  nap  ayittas  of 
predicatea,  rather  than  iaolated  predicatea.  Analogy  conveya  a  ayatea  of 
connected  knowledge,  not  a  aere  aaaortaent  of  independent  facta.  Preferring 
ayateaa  of  predicatea  that  contain  hlghor->order  relationa  with  inferential 
iaport  ia  a  atructural  ekpreaaion  of  thia  tacit  preference  for  coherence  and 
deductive  power  in  analogy. 

I  firat  deacribe  the  baaic  theory  and  then  diacuaa  the  Structure-napping 
Engine,  a  ainulation  written  by  Brian  Falkenhainer  and  Ken  Forbua 
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(Falktnhaintr ,  Forbui  &  6intnar,  1986).  In  intirprating  an  analogy,  poopli 
talk  to  put  tha  objacti  of  tha  baia  in  corraipondanca  with  tha  objacta  in  tha 
targat  lo  aa  to  obtain  oaNiaua  atructural  aatch.  That  ia,  thay  aaak  tha 
tapping  that  taalaizaa  conaiatancy  and  ayataaaticity.  Conaiatancy  aaana  that 
tha  tapping  ia  1-ii  aach  objact  in  tha  baaa  ia  aaaignad  at  aoat  ona  objact  in 
tha  targat.  SyatMtticity  rafara  to  tha  tapping  of  connactad  ayataoa  of 
ralationa,  rathar  than  iaolatad  pradicataa.  I  will  alao  uaa  tha  taro 
5y5taaatiCi ty  at  titaa  to  rafar  to  tha  praaanca  of  a  ayataa  of  ralationa  in  a 
givan  doaain.  Tha  ayataaaticity  principla  atataa  that  a  baaa  pradicata  that 
balonga  to  a  tappabla  ayataa  of  autually  intarconnacting  ralationa  ia  aora 
likaly  to  ba  iaportad  into  tha  targat  than  ia  an  iaolatad  pradicata.  A  avatat 
of  ralationa  rafara  to  an  intarconnactad  pradicata  atructura  in  which  highar- 
ordar  pradicataa  anforca  conatrainta  aaong  lowar*ordar  pradicataa.  A  tapoabla 
ayataa  in  tha  baaa  ia  ona  that  can  ba  aappad  into  tha  targat  ayataa  without 
contradiction,  and  idaally  with  aoaa  partial  aatching  with  axiating  targat 
pradicataa.  Tha  aora  aatchaa  ara  found  batwaan  tha  pradicataa  of  tha  baaa 
ayataa  and  axiating  pradicataa  in  tha  targat,  tha  aora  aupport  thara  ia  for 
aapping  othar  aaabara  of  tha  baaa  ayataa.  Thua,  in  an  analogical  napping  wa 
ara  looking  for  a  ayataa  of  ralationa  that  can  apply  in  both  baaa  and  targat. 
In  dataraining  tha  corraapondanca  batwaan  objacta  in  tha  baaa  and  objacta  in 
tha  targat,  tha  objact  daacriptiona  thaaaalvaa  can  ba  arbitrarily  diffaranti 
corraaponding  objacta  don't  hava  to  raaaabla  aach  othar  at  all.  Inataad,  tha 
objact  corraapondancaa  ara  choaan  to  achiava  a  conaiatant  and  aaxiaally 
ayataaatic  aatch  batwaan  pradicataa  in  tha  baaa  and  thoaa  in  tha  targat. 

To  illuotrata  tha  atructura-aapping  rulaa,  wa  turn  to  a  apacific  axaaplat  tha 
analogy  batwaan  haat-flow  and  watar-flow.  Figura  1  ahowa  a  watar-flow 
aituation  and  an  analogoua  haat-flow  aituation  (adaptad  froa  Bucklay,  1979,  pp 
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15-29).  Figurt  2  ihOMt  th*  riprtitntation  i  liirntr  sight  havt  of  thi  tso 
situation*. 


This  notNork*  riprssants  a  portion  of  shat  a  ptrson  tight  knot  about  tht  uatar 
and  hast  situations  illustrattd  in  tht  prtvious  figurt.  That*  ripristntations 
art  tht  ontt  givtn  to  tht  Strueturt-tapping  Engint,  at  dttcribtd  btlot.  Nota 


situation  than  of  tha  haat  situation.^ 


lith  a  richtr  raprasantation  of  tha  tatar 


In  ordar  to  eoaprahtnd  tha  analogy  "Haat  it  likt  watar.*  a  laarnar  oust  find 
tha  sat  of  objact  corratpondancas  that  alloHt  systaaatic  aatching  batatan  tha 
tMo  doaains.  In  so  doing,  tha  laarnar  auati 


-  disragard  objact  attributas,  such  as  CYLlNDRICAL(boakar) 


tap  boat  ralationa  into  tha  targat  detain 


obsarva  systaaaticityi  i.a.,  find  a  syataa  of  ralations  that  can  apply 
in  both  doaaina.  hart,  tha  pratsura-dif faranca  structura  in  tha  natar 


doaain 


CAUSE (6REATER-THAN[PRE88URE(btakar) ,  PRESSURE (vial ) 1 , 


CFLOMCaator,  pipa,  boaktr,  viaDI) 

Nhich  taps  into  tha  taaparatura-dif f aranca  structura  in  tha  haat  doaain 


1.  In  this  and  othar  figuras,  pradicatas,  including  both  ralations  and 
functions,  art  writtan  in  uppar  cast  and  objacts  art  writtan  in  lowar  cast. 
A  aora  datailad  raprasantation  of  tha  haat/natar  analogy  is  givtn  in  Forbut 
i  Santnar  (1983,  19Bb). 

2.  This  analogy  has  bttn  iaportant  in  tha  history  of  thaorias  of  haat.  It 
probably  undarlias  tha  caloric  thaory  of  haat,  and  it  nas  usad  by  Carnot 
(1824)  to  illustrata  tha  intarralation  batnaan  haat  and  taaparatura.  (Sat 
Bantnar  b  Jasiortki  (in  praparation)  for  a  discussion  of  this  history.) 


Representations  of  Water  and  Heat 


WATER  FLOW  HEAT  FLOW 


UOUIO  (water) 
FLAT-TOP  (water) 
CLEAR  (beaker) 


liquid  (coffee) 
FLAT-TOP  (coffee) 


CAU8E(BREATER-THANCTEHPEitATURE<co«4i«) ,  TEHPERATURE(iCf) 1 , 


CFLON(ht«tt  bar,  coffat,  let)]). 

-  discard  isolatid  rslations,  such  as 

SREATER-THANCOIAHETERibaaktr) ,  DlAHETER(vial) 1 

Tht  objact  corraspondancas  bataaan  tha  tao  doaains  that  sIIom  for  tha  bast 
aatch  turn  out  to  ba 

aatar  *>>  haati  pipa  ->>  aatal  bar| 
baakar  <—>coffaat  vial  — >  ica. 

As  notad  aarliar,  tha  objact  corraspondancas  aatar/haat,  batkar/cof f aa, 
vial/ica,  and  pipa/bar  ••  and  tha  function  corraspondanca 
PRESSURE/TEHPERATURE^  ara  datarainad  not  by  any  intrinsic  siailarity  batasan 
tha  objacts,  but  by  thair  rola  in  tha  systaaatic  ralational  structura. 
Systaaaticity  also  datarainss  ahich  ralations  gat  carriad  across.  Tha  raason 
that 


3.  In  this  analogy,  tha  function  PRESSURE  in  tha  aatar  doaain  oust  ba  aatchad 
aith  TENPERATURE  in  tha  haat  doaain.  Lika  objacts  and  thair  attributas, 
functions  on  objacts  in  tha  basa  can  ba  put  in  corraspondanca  aith 
diffarant  functions  in  tha  targat  in  ordar  to  parait  sapping  a  largar 
systaaatic  structura.  This  is  a  changa  froa  ay  foraar  position,  ahich  only 
distinguishad  bstasan  ob jact-attributas  iona-placa  pradicatas),  which  wars 
allowad  to  aatch  nonidantically,  and  ralations  <2-or’*aora-pl  aca 
pradicatas),  which  had  to  aatch  idantically.  I  now  distinguish  functions  on 
objacts  (including  n-placs  functions)  as  a  saparata  class,  which  can  aatch 
nonidantically.  Tha  rationala  is  that  such  functions  ara  basically  aspacts 
of  objact  dascriptions.  Lika  objacts  and  thair  attributas,  thoy  can  ba  put 
into  corraspondanca  with  diffarant  functions  in  tha  targat.  In  othar  words, 
tha  assantial  distinction  is  batwaan  objacts  and  thair  dascriptions  on  tha 
ona  hand  and  ralational  structura  on  tha  othar.  Ny  initial  foraulation  in 
taras  of  ona-placa  and  n>placa  pradicatas  was  too  stringant.  I  thank  Kan 
Forbus,  Brian  Falkanhainar  and  Janica  Skorstad  for  discussions  on  this 
issua. 


8REATER-THANCPRES8URE(b«akar),  PRES8URE(vlil ) ] 


it  prtttrvtd  it  that  it  it  part  of  a  lyitt*  of  hightr-ordar  conttraining 
rilationi  --  in  this  cati,  tha  lyttaa  govarnad  by  tha  highar-ordar  ralation 
CAUSE  —  that  partially  aatchat  a  ralational  tyttaa  in  tha  targat.  In 

contratt,  tha  ralation 

8REATER-THANC01AHETER(baakar),  DIAMETER (vi al ) 1 

doai  not  balong  to  a  coaaon  lyttaaatic  atructura  tharad  by  tha  bata  and  targat 
doaaint,  and  to  it  diteardad  in  tha  intarpratation. 

Howavar,  it  it  iaportant  to  nota  that  which  pradicatat  turviva  in  tha 

intarpratation  dapandt  on  tha  aatch  batwaan  tha  two  doaaint.  Mith  a  diffarant 
targat  dooain,  tha  DIAMETER  diffaranca  will  ba  part  of  tha  analogy.  For 
OKaapla,  tuppota  that  wa  kaap  tha  taaa  bata  doaain  — *  tha  watar  tyttaa  thown 
in  Figura  2  »  but  changa  tha  targat  doaain  to  two  objactt  diffaring  not  only 

in  thair  taaparatur#  but  alto  in  thair  specific  haati  tay,  a  natal  ball- 
baaring  and  a  aarbla.  Attuning  aqual  natt,  thay  will  alto  hava  diffarant  ht»t 
capacitica.  Hith  thit  naw  targat,  tha  natural  intarpratation  concarnt  capacity 
diffarancat*  in  tha  bata,  at  wall  at  laval  or  prattura  difftrtncat.  Now  tach 
tyttaa  involvat  two  intarralatad  variablati  (1)  tha  initial  variabla  of  LEVEL 

(TEMPERATURE)  which  tallt  ut  in  which  diraction  watar  (haat)  will  flow  to 

achiava  aquilibriua  and  (2)  a  tacond  variabla  of  CAPACITY  which  datarainai 
which  vattal  will  axparianca  tha  graatatt  changa  in  LEVEL  in  achiaving 

4.  For  continuity  I  hava  utad  DIAMETER  at  tha  pradicata,  although  CROSS- 
SECTIONAL  AREA  would  ba  aora  accurata.  Alto,  nota  that  thara  night  hava 
baan  a  tinilar  haat-capacity  diffaranca  batwaan  tha  coffaa  and  ica  Cuba  in 
tha  original  haat  figurai  but  without  ipacifying  tha  aaitat,  thit 
diffaranca  could  net  bo  attuaad. 


tquilibriua.  Now  thi  aoit  lyitoaatic  rtlitionil  tyitia  that  can  bo  oappad  to 
tht  targ«t  if 


CAUSE  {BREATER-THAN  CDIAHETER  (baakar),  DIAHETER  (vial)], 

BREATER-THAN  [ CHAN6E-0P-PRESSURE (vial), CHANSE-OF-PRESSURE ( baak ar ) ] > 

This  carriti  ovir  into  tha  targat  at 

CAUSE  {6REATER-THAN  CHEAT-CAP. (aarbl a) ,  HEAT-CAP. (ball) 1, 

SREATER-THAN  CCHANBE-OF-TEHP. (ball) ,  CHANBE-OF-TEHP. (aarbla) ]>. 

Bacauia  tha  targat  iharai  a  largar  ralational  syitaa  with  tha  bata,  tha 
natural  intarpratation  of  tha  analogy  it  now  aora  coaplax.  Thii  illuttrataa 
that,  for  a  givan  baaa  doaain,  tha  aapping  for  a  particular  targat  it 
datarainad  by  tha  bait  aatch  —  i.a.,  tha  ooat  ayttaaatic  and  contiatant 
ralational  aatch  —  batwaan  baaa  and  targat.”  Tha  only  caao  in  which  tha  baaa 
doaain  by  itaalf  dataroinaa  tha  intarpratation  ia  that  in  which  nothing  ia 
initially  known  about  tha  targat)  than  aatching  doaa  not  apply  and  tha  napping 
ia  ona  of  pura  carryovar  froo  baaa  to  targat.  In  tha  aora  noraal  caaa  whan 
inforaation  ia  known  about  both  baaa  and  targat,  tha  intarpratation  ia  baaad 
on  both  aatching  batwaan  baaa  and  targat  and  carryovar  of  pradicataa  froa  baaa 
to  targat  (Santnar,  in  praaa). 


9.  1  atraaa  thia  point  bacauaa  it  apparantly  can  ba  niaundaratood)  Holyoak 
(1989)  writaa  that  tha  intarpratation  of  an  analogy  in  atructura-napping 
dapanda  only  -on  an  analyaia  of  tha  atructura  of  tha  baaa  doaain.  To 
foraatall  auch  niaconcaptiona  I  atraaa  that  (aa  with  othar  kinda  of 
aiailarity  coapariaona)  tha  intarpratation  of  an  analogy  in  atructura* 
napping  involvaa  a  aatch  —  in  thia  caaa  tha  aoat  ayatanatic  conaiatant 
natch  --  batwaan  two  doaaina. 


Thin  in  i  fiw  furthir  pointi  to  notici  htn.  Pint,  thi  ordir  opintioni 
it  prebibly  viriibli.  1  tutpict  thit  oftin  tht  Itirnar  btgint  with  nlitionil 
■Itching  ind  upping  ind  uiii  thi  nlitionil  aitchii  to  ditinini  thi  objict 
cornipondincii.  (Thit  it  thi  wiy  thi  tiiulition  pirfont,  it  ditcribid 
bilow.)  Howivir,  toaitiiii  thi  ob Jict*corntpondincit  in  thi  fint  ttipi  for 
ixiipli,  in  citit  whin  thi  liirnir  it  ixplicitly  told  thi  obJict 
corntpondincit.  Sicondi  noti  thit  thi  tyitiaiticity  principli  riquint  i 
■  ippibit  nlitionil  lyttia.  If  thi  pndicitii  of  thi  bin  tyttii  giniriti 
contridictiont  in  thi  tirgit,  thin  inothir  tyiti*  autt  bi  tilictid.  Third,  i 
■labir  of  I  biti  nlitionil  tyiti*  thit  cm  tuccittfully  bi  iippid  into  thi 
tirgit  providit  lupport  for  othir  ■l■blrl  of  that  tyttii. 

Finilly,  it  it  utiful  to  dittinguith  two  ixtriiii  of  inilogicil  prociitingi 
<*  (1)  ouri  ■itchinoi  ill  thi  pridicitit  of  thi  bin  lyttn  in  ntchid 

with  pridicitit  in  thi  tirgit  lyitio.  In  thit  cm  thi  inilogy  tirvit 
not  to  conuniciti  niw  knowlidgi  but  to  focut  ittintion  on  i  pirticulir 
coaion  tyttn  of  pridicitit. 

-  (2)  pun  laoDinQi  thi  liirnir  it  givin  thi  obJict  corntpondincit  ind 

tiaply  cirriit  icroat  i  lyttio  of  pridicitit  froa  thi  bin  to  thi 
tirgit.  Thit  it  i  citi  of  aixiail  niw  knowlidgi. 

Thin  ixtriaii  in  riri|  aoit  inilogiit  involvi  both  aitching  ind  tipping. 
Typically  than  it  i  partial  aitch  bitwiin  bin  and  tirgit  lyttiai,  which  thin 
tanctioni  thi  tapping  of  furthir  pridicitit  froa  thi  ban  to  thi  tirgit. 

Thi  Structuri-HiDoina  Enoini.  Thi  Structuri-Hipping  Engini  (SHE)  it  i 
tiaulition  of  thi  itructuri-aipping  proem  writtin  by  Brian  Filkinhainir  and 
Kin  Forbut.  I  ditcribi  it  briifly  hiri  (For  i  aori  coapliti  ditcription,  tii 
Fal kinhiinir ,  Forbut,  fc  Sintnir,  1966).  6ivin  ripritintitiont  of  thi  bin  and 


tirgtt,  SHE  utit  lyftiaaticity  and  structural  consistincy  to  ditorsint  tht 
btst  •spping<B).  Uhtn  SHE  is  run  in  its  basic  analogy  sods,  only  rslational 
structurs  counts  in  thi  satch.  But  SHE  can  also  bt  run  with  difftrtnt  satch 
rults  to  sisulatt  atrt-apptaranct  aatchss  (only  objsct  dtscriptions  count)  and 
litiral  Bisilarity  satchts  (both  object  descriptions  and  relational  structure 
counts  in  the  eatch).  Because  literal  sieilarity  Batches  shoe  a  broad  range  oi 
SHE'S  behavior,  1  Mill  describe  the  eatch  rules  that  sieulate  literal 
sieilarity. 

SHE  is  given  as  input  structured  representations  o4  the  eater  and  heat 
situations,  as  shoen  in  Figure  2.*  The  order  of  events  is  as  folloesi 

(1)  Loc»J  aatcAes.  SHE  starts  by  finding  potential  Batches  beteeen  single 
itees  in  the  base  and  target.  For  each  entity  and  predicate  in  the  base,  it 
finds  the  set  of  entities  or  predicates  in  the  target  that  could  plausibly 
Batch  that  itee.  These  potential  correspondences  (eatch  hypothttts)  are 
detereined  by  a  set  of  sieple  rulest  for  esaeple, 

-  (1)  if  two  relations  have  the  saee  naee,  create  a  eatch  hypothesisi 

-  (2)  for  every  eatch  hypothesis  betNeen  relations,  check  their 

corresponding  argueentsi  if  both  are  entities,  or  if  both  are  functions, 
then  create  a  eatch  hypothesis  between  thee. 

For  exaeple,  given  the  representations  in  Figure  2,  rule  (1)  creates  eatch 
hypotheses  between  the  GREATER  THAN  relations  that  occur  in  base  and  target. 
Then  rule  (2)  creates  eatch  hypotheses  between  their  argueents,  since  both  are 

6.  Note  that  the  representations  contain  extraneous  Batches  such  as 
LIQUID(watsr )  and  LIQUID(cof fee) .  These  spurious  Batches  are  included  to 
sieulate  a  learner's  uncertainty  about  what  eatters  and  to  give  SHE  the 
possibility  of  eaking  errors. 


functions.  Nott  that  at  thii  itagt  tho  ayitoo  it  ontirtaining  tuo  difforant 
and  inconiifttnt  —  aatch  hypothatti  involving  6REATER  THANi  ona  in  ahich 
PRESSURE  it  aatchad  aith  TEHPERATURE,  and  ona  in  which  DIAMETER  it  aatchad 
Nith  TEHPERATURE.  Thus,  at  this  ataga  tha  prograo  will  hava  a  larga  nuabar  of 
local  aatchoa. 

Another  aat  of  rulaa  aatigni  tridtact  scorts  to  thaia  local  aatchaai  a.g., 

-  <1)  Incraaio  tha  avidanca  for  a  aatch  if  tha  baaa  and  target  predicate 

hava  tha  eaaa  naaa. 

-  (2)  Incraaia  the  avidanca  for  a  given  aatch  if  there  it  evidence  for  a 
aatch  aaong  tha  parent  relatione  —  i.a.,  tha  iaaadiataly  governing 
higher-order  relatione. 

Rule  (1)  raflaete  a  profaranca  for  ralational  identity  and  rule  (2)  raflacts  a 
prafaranea  for  eyetaaatieity.  It  is  at  this  stage  that  the  IREATER-THAN— 
PRESSURE  systea  in  the  aater  doaein  begins  to  gsin  an  advantage  over  the 
6REATER-THAN— DIAMETER  systeo.  This  is  because  the  PRESSURE  systea  has  aore 
layers  of  parent  predicates  that  aatch  with  the  heat  systea,  which  leads  to 
higher  local  evidence  scores  for  PRESSURE  than  for  DIAMETER. 

(2)  ConstrueiiDf  gJotaJ  satchas.  Tha  nest  stage  is  to  collect  systaas  of 
aatchss  that  use  consistent  (i.e.,  t-1)  entity-pairings.  SHE  first  propagates 
entity-correspondences  up  each  ralational  chain  to  eraata  systaas  of  natch 
hypothssas  that  use  the  sane  entity-pairings.  It  than  coabinas  these  into  tha 
largest  possible  systaas  of  predicates  with  consistent  objact-aappings.  These 
global  aatchas  (called  Snaps)  ars  tha  possible  interpretations  of  tha  analogy. 
Associated  with  each  Soap  is  a  (possibly  aapty)  sat  of  caadidafr  iafarttett  -- 
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*'*(*;v, 


prtdicattf  that  art  part  of  tha  hast  ayatta  but  aara  not  initially  praaant  in 
tha  corraapondinp  tar^at  ayataa. 


(3)  fraJuatiaf  fJobai  aatchas.  Tha  global  aatchaa  art  than  givan  a  atructural 
avaluation,  which  dtpanda  chlafly  on  tha  local  aatch  avidanca.^ 


An  iaportant  aapact  of  SHE  ia  that  tha  global  aatchaa  (Baapa)  aanction 
caadidata  ia/trtacaai  pradicataa  frea  tha  baaa  that  gat  aappad  into  tha  targat 
doaain.  Thaaa  art  baaa  pradicataa  that  wart  not  originally  praaant  in  tha 
targat,  but  which  can  ba  iaportad  into  tha  targat  by  virtua  of  balonging  to  a 
ayataa  that  ia  largaly  aharad  by  baaa  and  targat.  For  aKaapla,  in  tha 
haat/watar  acanario  ahown  hara,  tha  watar  rapraaantation  containa  tha  full 
praaaura*dif faranca  ayataa,  whila  tha  haat  rapraaantation  lacka  tha  highar* 
ordar  CAUIE  pradicata.  That  ia,  It  containa  only  tha  two  firat-ordar 
pradicataa 

MEATER-TNANCTEIIFEMTUREieeffta) ,  TENPEMTIWEtica)  ] 
and 


CIFLONdioatf  bar,  coffta,  icall) 

In  thia  caaa,  tha  ayataa  bringa  acreaa  tha  highar-ordar  pradicata  CAUSE  froa 
tha  baaa  doaain.  In  aaaanca,  it  peatulataa  that  thara  aay  ba  aora  atructura  in 
tha  targat  than  it  initially  knaw  about. 


SHE'a  intarpratation  ia  baaad  on  aolacting  tha  aoat  ayataaatic  conoiatant 
aappabla  atructura.  Thua  coaputing  ayataaaticity  pracadaa  and  datarainaa  tha 
final  aalaction  of  objact  corraapendancai.  Indaad,  avan  in  litaral  aiailarity 


7.  SHE  alao  haa  tha  capability  to  conaidar  tha  nuabar  of  candidata  infarancaa 
aupportad  and  tha  graph-thaoratic  atructura  in  aaaigning  tha  avaluation, 
but  tha  raaificationa  of  thaaa  optiona  hava  not  yat  baan  axplorad. 
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•ode,  ai  illuatratad  htri,  achiaving  a  saxiaally  conaiatant  ralational  aatch 
can  outwaigh  placing  aiailar  objacta  in  corraapondanca. * 

SHE'a  latching  procaaa  ia  antiraly  atructural.  Tha  intarnal  procaaaaa  of  tha 
analogy  angina  ara  net  dirictly  influancad  by  tha  ayataa'a  problaa-aol ving 
goala  (although,  aa  diacuaaad  baloa,  tha  raaaonar’a  plana  and  goala  can  hava 
xtdirtct  inMuanca  ainea  thay  influanca  tha  inputa  to  tha  analogy  angina).  But 
by  proBoting  daap  ralational  ayataaa,  the  ayataaaticity  principle  oparataa  to 
proaota  pradicataa  that  participate  in  cauaal  ayataaa  and  in  other  conatraint 
relationa.  Yet  thia  purely  atructural  aachaniaa  guarantaaa  that  tha  aat  of 
candidate  aappinga  aill  be  aa  intaraating  in  tha  aanaa  that  a  autually 

intarconnactad  ayataa  of  pradicataa  ia  intaraating  —  aa  tha  knoaladga  baaa 
al Iowa. 

Kinda  of  Siailaritv.  I  have  claiaad  that  in  interpreting  analogical  oatchaa, 

« 

only  relational  pradicataa  count.  Than  ia  avidanea  that  in  Judging  tha 
aptnaaa  of  a  aatapherie  coapariaen,  paopla  do  indaad  favor  auch  ralational 
aappinga  (Bantnar,  1910,  19l*|  Santnar  b  Block,  19B3|  Santnar  h  Landara, 

1989).  But  to  give  a  coaplata  paychological  account  of  learning  by  analogy  and 
aiailarity,  aa  auat  alae  conaidar  other  kinda  of  aiailarity  oatchaa.  Aa  aaa 
diacuaaad  above,  net  only  analogy  but  alao  other  kinda  of  aiailarity  can  be 
charactarixad  by  tha  diatribution  of  ralational  and  attributional  pradicataa 
that  ara  aappad.  In  aaa/apy,  only  ralational  pradicataa  ara  aappad.  In  littrtl 
sjaiiarity,  both  relational  pradicataa  and  ob jact-attributaa  are  aappad.  In 
atrt-appaaraaca  aatchaa,  it  la  chiefly  object  daacriptiona  that  ara  aappad. 

B.  Thia  vioa  of  literal  aiailarity  ia  a  daparturo  froa  tha  ' f eatura-1 i at  vioh 
that  haa  bean  dooinant  in  cognitive  paychology  (a.g.,  Tvaraky,  1977).  In 
ongoing  raaaarch,  Oeug  Nadin,  Robert  Boldatona  and  I  have  found  avidanea 
for  affacta  on  relational  atructura  on  aiailarity  Judgaaanta,  even  aith 
aiapla  gaoaatric  figuraa. 
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Tibl§  I  «ho««  iKiapltt  Qf  thfit  diffcrtnt  kind*  of  tioiUrity  eooporiton.  Tht 
control  aisuoption  htro  if  that  it  if  not  fortly  tho  rolativt  aafftr  of  fhartd 
vtrfuf  nonfhartd  prodieatof  that  oattoro  **■  although  that  if  cortainly 
ioportanti  af  Tvorfky  (1977)  hof  fhown  ••  Put  alfo  tho  kiads  of  prodicatof 
that  oatch.  For  a  longor  dioeuffion  of  aioilarlty  typof  ftt  Sontnor,  i98A). 


Tabitl 

KMi  of  Doiniin  CofflpviMn 


EXAMPLE 


UttrM  Simltfity 
AnMogy 


Mwy 


Mlkitiiowtfdr. 


HiMiowiia 

twoin^  vwMMo. 


AnomMy 


Coftotitlcttw 


Mtro  AppMTinct 


Thi^MttMtop 

dMfiMdiitapool 


To  illuttroto  tKiio  dlitlnctiont,  eontidor  this  itrito  of  roUtid  OMOoploi. 

(1)  4iaJofy.  At  diieutttd  abova,  tho  analogy  *Hoat  it  liko  Nattr."  convtyt  a 
rolational  tytttoi 

CAUtKMCATER-rHAIICPKIlUltCfboakor} ,  PREttUREtvial )  3, 

CPLOittaator,  pipo*  boakor,  vial)]) 

it  aappad  into 

CAUIE(MEATER-TIMItCTEHPERATURS(C0ffaa) ,  TEHPSilATUREdet)  ] , 
CFLOM(haak,  bar,  coffoa,  let)]). 

(2)  Lit»r»I  iitHtrity,  Tho  coapariton  *Kool>Aid  it  likt  aattr.*  convtyt  that 
aott  of  tha  aatar  daaeription  can  ba  appliad  to  KooI~Aid.  In  litaral 
tiailarity,  both  objact  datcriptiont,  including  attributaa  lika 

FLAT-TOP (aatar)  and  CYLINORlCALIbaakar) 

and  ralational  pradleatat,  tueh  at  tha  tyataaatic  atruetura  diteutaad  abova, 
art  aappad  ovar. 

(3)  Atiatiaaa/  akatractioa.  Tha  abatract  ttataaant  *Haat  it  a  through- 
variabla,*  which  aight  ba  aval  labia  to  a  atudant  who  knowt  toaa  tyttaa 
dynaaict,  convtyt  that  haat  can  ba  thought  of  at  a  flow  variabla  that  aovtt 
acroaa  a  potantlal  diffaranca.  Thlt  potantial  diffartnca  raquirat  an  acrott- 
variablai  in  thio  cata,  taaparatura.  Thit  abatraction,  whan  appliad  to  tha 
haat  dooain,  convtyt  auch  tha  aaaa  ralational  atruetura  at  it  convayad  by  tho 
haat/watar  analogy  (D#  Tha  diffaranca  it  that  in  tha  abatract  bata  doaain  of 
through-variablaa  and  acrott-variabltt,  thara  art  no  concrata  propartiat  of 
objaett  to  ba  laft  bahind  in  tha  tapping. 

-  IS  - 


(4)  ■atc/i.  A  ■tri-apptaranci  atattaant,  auch  aa  *Tha  tabla  top 
lookad  Uka  watar,*  ia  ana  with  ovarlap  in  lowar>ordar  pradicataa  objact- 
daacriptiona  and  aoaa  firat-ordar  apatial  ralationa  *-  but  not  in  highar-ordar 
ralatiena.  Hara,  tha  color  and  taxtura  o4  tha  watar  ia  aappad  onto  tha  tabla. 


‘a  lialtad  in  thair  axplanatory  utility. 


thay  ara  iaportant  in  a  paychelogieal  account  of  laarning,  for  two  raaaonai 
(1)  thay  oftan  occur  aoong  novica  laarnarai  and  (2)  in  ganaral,  aara- 
appaaranca  aatchaa  oay  ba  highly  accaaaibla  in  long-taro  aaaory. 

Thaaa  contraati  ara  not  dichotooiai  but  continua,  .  For  axaopla,  for  both 
analogy  and  litoral  oioilarity,  tha  baaa  and  targat  aharo  ralational 
■tructurr.  If  that  if  aii  thay  ahara,  than  tha  coapariaon  ia  an  analogy.  To 
tha  axtont  that  tha  dooaina  alao  ahara  coooon  objact  daacriptiona,  tha 


coapariaon  baeoaaa  litoral  aiailarity.  Anothar  continui 


liata  bati 


analogy  and  ralational  abatraction.  In  both  caaaa,  tha  baaa  and  targat  ahara 
ralational  atructura  and  do  not  ahara  objact  daacriptiona.  Hara  tha  continuua 
ia  in  tha  naturo  of  tha  baaa  rapraaantation.  If  tha  baaa  rapraaantation 
includoa  concrota  objocta  whoaa  individual  attributaa  ouat  ba  laft  bahind  in 
tha  aapping,  tha  coapariaon  ia  an  analogy.  Aa  tha  objact  nodoa  of  tha  baaa 
dooain  bocoao  oora  abatract  and  variabla-1 i ka,  oaking  tha  coapariaon  baeoaaa 
aora  lika  invoking  an  abatraction. 


with  thaaa  diatinctiona,  wa  ara  raady  to  aak  what  govarna  apontanooua  accaaa 
to  analogy  and  aiailarity.  Ara  tha  aiailantiaa  that  proaota  accaaa  tha  aaaa 
aa  thoao  that  antar  into  aapping  and  judging  tha  worth  of  analogiaa'’  To 
clarify  tha  diacuaaion,  lot  ua  docoapoao  analogical  raaaoning  into  accaaa  and 


■apping-plut-inf irinct.  [For  a  lort  dttailad  traataant  of  tha  tubprocattaa  in 
analogy,  taa  Claaant  (1981,  1983)  and  Santnar  <1987,  in  prasa).]  Xcc«<f  ii  tha 
procaat  of  aatching  a  baaa  situation  in  aaaory  aith  a  givan  targat  situation  a 
parson  is  facad  with.  In  othar  words,  it  is  tha  proeass  wharaby  a  currant 
targat  situation  raainds  a  parson  of  a  basa  situation  in  his  aaaory.  Mapfinf 
occurs  aftar  a  basa  situation  has  btan  accasssd  froa  aaaory.  In  aapping,  tha 
pradicatas  of  tha  basa  ara  aatchad  with  corrasponding  pradicatas  of  tha  targat 
according  to  tha  rulas  givan  abova,  including  consistancy  and  systaoaticity. 
In  casas  whara  a  highly  systaaatic  ralational  structura  can  indaad  ba  aappad 
into  tha  targat  doaain,  struetura-aapping  pradicts  that  paopla  will  considar 
tha  analogy  souad.  Such  an  analogy  can  support  infarancasi  bacausa  tha  basa 
and  targat  shara  systaaatic  ralational  structura,  any  additional  pradicatas 
froa  tha  basa  systaa  can  ba  earritd  into  tha  targat  systaa  as  candidata 
infarancas.  Thus  structura*aapping  pradicts  that  sharad  systaaaticity  should 
ba  a  aajor  datarainant  of  how  sound  paopla  baliava  an  analogy  to  ba. 

Santnar  h  Landars  (198S)  invastigatad  tha  accassibility  and  subjactiva 
soundnass  of  diffarant  kinds  of  siailarity  aatchas.  Tha  axpariaant  had  a  two¬ 
fold  purposat  (1)  it  tastad  tha  pradiction  that  systaaaticity  datarainas  tha 
subjactiva  soundnass  of  a  aatchi  and  (2)  it  coaparad  tha  accassibility  of 
analogy  with  that  of  othar  kinds  of  siailarity  aatchas.  This  study  was 
dasignad  to  craata  a  situation  rasaabling  naturalistic  long-tara  naaory 
accass.  Tha  subjacts  wara  30  studants  froa  tha  NIT  Psychology  Dapartaant.  Na 
first  gava  tha  subjacts  a  larga  nuabar  (32)  of  storias  to  raad  and  raaaabar. 
Ona  waak  latar,  wa  brought  thaa  back,  showad  thaa  a  naw  sat  of  storias  and 
askad  thaa  to  tall  us  if  thay  wara  raaindad  of  any  of  tha  original  storias. 
Finally,  thay  ratad  tha  story  pairs  for  thair  infarantial  soundnass,  as 
aipiainad  balow.  Tha  storias  wars  carafully  dasignad  to  aabody  diffarant  kinds 
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of  siiilirity  oatchto.  Thtrt  Ntrt  thrtt  kinds  of  tioilirity  oatchit  bttNtin 
batt  and  targoti  aoro  appoaranco  aatchai,  trua  analogiit  and  faloo  analogiit, 
aa  foUoNti 

~  atra  appraraacr  firit-ordor  ralationa  and  ob jact-attributia  aatch 

-  trut  aaaiagy  <TA)t  flrat-ordar  ralationa  and  highar-ordar  ralationa 
Batch 

>  falsa  aaalagy  (FA}t  only  tha  first*ordar  ralationa  aatch. 

Nota  that  in  all  thraa  caaaa,  tha  baaa  and  targat  aharad  firat-ordar 
ralationa.  Tha  thraa  aiailarity  conditions  diffarad  in  Nhich,  if  any,  othar 
coaaonalitias  also  axistad.  Tabla  2  ahOMS  an  axaapla  sat  of  four  scanarioai  a 
baaa  acanario  plus  ona  axatpla  of  aach  of  tha  thraa  kinds  of  aatchaa. 

In  tha  first  aassion,  all  aubjacta  raad  tha  saaa  18  baaa  atoriaa  and  14  fillar 
storiaa.  Thay  uara  told  to  road  carafully  and  raaaabar  tha  atoriaa.  In  tha 
aacond  aassion,  six  to  sight  days  latar,  aubjacta  rocaivad  a  workbook  of  18 
now  targat  storiasi  6  HA  targats,  A  TA  targats,  and  6  FA  targata.  That  is, 
aach  targat  was  siailar  —  in  ona  of  tha  thraa  ways  dascribad  abovo  »  to  ona 
of  tha  18  bass  atoriaa  tha  subjsct  had  raad.  Tha  targat  storiaa  wars  raad  in 
randoa  ordar.  Subjacts  wars  dividad  into  3  groups  to  countarbalanca  which  typa 
of  aatch  occurrad  in  which  storiaa.  For  aach  targat  story  road,  aubjacta  wars 
inatructsd  to  writs  down  any  baaa  story  thay  wars  raaindad  of,  as  coaplataly 
aa  posaibla. 

Tha  aoundnaaa  task  was  givon  to  aubjacta  aftar  thay  had  coaplatad  tha  aatching 
task.  In  this  task,  aubjacta  wars  givan  workbook  showing  18  pairs  of  storiaa 
and  askad  to  rata  aach  pair  for  tha  "aoundnaaa*  of  tha  aatch  batwaan  tha  two 
atoriaa  (axplainod  as  *whan  two  situations  aatch  wall  anough  to  aaka  a  strong 


TABLE  2 

SaMple  Story  Set  for  the  Access  and  Soundness  Experiment 
(Gentner  &  Landers.  1985) 


BASE  story 

Karla,  an  old  hawk,  lived  at  the  top  of  a  tall  oak  tree.  One 
afternoon,  she  saw  a  hunter  on  the  ground  with  a  bow  with  some  crude  arrows 
that  had  no  feathers.  The  hunter  took  aim  and  shot  at  the  hawk  but  missed. 
Karla  knew  the  hunter  wanted  her  feathers  so  she  glided  down  to  the  hunter 
and  offered  to  give  him  a  few.  The  hunter  was  so  greatful  that  he  pledged 
never  to  shoot  at  the  hawk  again.  He  went  off  and  shot  deer  instead. 

True  Analogy  TARGET 

Once  there  was  a  small  country  called  Zerdia  that  learned  to  make  the 
world's  smartest  computer. 

One  day  Zerdia  was  attacked  by  its  warlike  neighbor.  Gagrach.  But  the 
missiles  were  badly  aimed  and  the  attack  failed.  The  Zerdian  government 
rea1i2ed  that  Gagrach  wanted  Zeridian  computers  so  it  offered  to  sell  some 
of  its  computers  to  the  country.  The  government  of  Gagrach  was  very 
pleased.  It  promised  never  to  attack  Zerdia  again. 


Mere  Appearance  TARGET 

Once  there  was  an  eagle  named  Zerdia  who  donated  a  few  of  her 
tailfeathers  to  a  sportsman  so  he  would  promise  never  to  attack  eagles. 

One  day  Zerdia  was  nesting  high  on  a  rocky  cliff  when  she  saw  the 
sportsman  coming  with  a  crossbow.  Zerdia  flew  down  to  meet  the  man.  but  he 
attacked  and  felled  her  with  a  single  bolt.  As  she  fluttered  to  the  ground 
Zerdia  realized  that  the  bolt  had  her  own  tailfeathers  on  It. 

False  Analogy  TARGET 

Once  there  was  a  small  country  called  Zerdia  that  learned  to  make  the 
world's  smartest  computer.  Zerdia  sold  one  of  its  supercomputers  to  its 
neighbor,  Gagrach.  so  Gagrach  would  promise  never  to  attack  Zerdia. 

But  one  day  Zerdia  was  overwhelmed  by  a  surprise  attack  from  Gagrach. 
As  it  capitulated  the  crippled  government  of  Zerdia  realized  that  the 
attacker's  missiles  had  been  guided  by  Zerdian  supercomputers. 


arguatnt  froa  oni  to  tht  othor*).  Tho  first  story  in  tsch  pair  nss  ons  of  ths 
bass  storiis  froo  ths  first  stssion,  and  ths  sscond  story  sas  ths  satching 
targst  story  ths  subjsct  had  rsesivsd  (Mhsthsr  or  not  hs  or  shs  had  noticsd 
tho  aatch).  Thus,  sach  subjsct  ratsd  1/3  HA,  1/3  TA,  and  1/3  FA  aatchss. 
Subjsets  ussd  a  1-S  seals,  Nhsrs  S  ■  hiohly  sound  and  1  ■  spurious. 

To  scors  ths  rssinding  task,  tso  judgos  road  sach  of  tho  workbooks  and  scorsd 
ths  accuracy  of  ths  rscallsd  bass  storiss.  Ths  Judgss  did  not  know  which 
sxpsrissntal  condition  subjsets  wsrs  in,  nor  what  kind  of  aatch  thsy  had  boon 
givsn.  Thsy  ussd  a  seals  ranging  froa  S  (sxcsllsnt  rscall)  to  1  (poor  rscall), 
with  0  bsing  ussd  whsn  subjsets  aads  no  rssinding  rssponss  at  all  or  rscallsd 
a  diffsrsnt  story.  *  In  addition  to  this  ovsrall  scors,  ws  also  coaputsd  a 
fiat  scors.  For  this  scors,  ws  eountsd  all  rsealls  with  an  ovsrall  scors  of  2 
or  bsttsr.  This  siaply  asasursd  whsthsr  any  gsnuins  rscall  had  oecurrsd, 
without  worrying  about  whsthsr  ths  rscall  was  of  high  quality. 

Ktsults  of  ths  Sosxdasss  Task.  Figurs  3a  shows  ths  rssults  of  ths  soundnsss- 
rating  task.  As  prsdietsd  by  structurs-aapping  thsory,  subjsets  Judgsd  ths 
trus  analogiss,  ths  only  pairs  that  sharsd  highsr-ordsr  structurs,  to  bs  far 
aors  sound  than  ths  othsr  two  kinds  of  pairs.  Ths  HA  and  FA  pairs,  which  did 
not  shars  systsaatic  structurs,  wsrs  Judgsd  to  bs  unsound.*^  Ths  diffsrsnes 
bstwssn  falss  analogiss  and  trus  analogiss  is  particularly  intsrssting  for 
structurs-sapping  thsory,  for  thsss  two  natch  typss  diffsrsd  ooiy  in  ths 
prsssnes  of  highsr-ordsr  rslational  structurs.  Ths  fact  that  trus  analogiss 

9.  Thsrs  was  good  agrssssnt  aaong  ths  Judgssi  thsy  wsrs  within  ons  point  of 
sach  othsr  97Z  of  ths  tins. 

10.  Thsss  pattsrns  wsrs  confirnsd  by  an  analysis  of  variancs  and  by  plannsd- 
conparison  t-tssts.  Ths  diffsrsness  bstwssn  TA  and  HA  and  bstwssn  TA  and 
FA  ars  significant  (p<.001  in  sach  cass),  and  ths  diffsrsnes  bstwssn  HA 
and  FA  is  not  significant  <pa.802). 


Figure  3 


Resutts  Of  The  Access  Experiment 
(Gentner  And  Landers.  1965) 
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b.  Proportion  of  Base  Stories  Recalled  Given 
Different  Kinds  of  Matches 
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Mtrt  ritid  ai  tigniHcantly  aort  lound  than  falit  analogiit  li  ividtnci  that 
it  it  not  jutt  ihartd  rtltiiotis  but  tharid  hightr-ordtr  riittioos  that 
dittroint  analogical  loundnoii.  Thttt  roiulti  htlp  confiro  tho  iaportanct  o^ 
tyitaaaticity  in  huaan  analogical  raatoning. 

Rtsults  of  th»  Rtwindinq  Tisk,  Tha  ratultt  of  tha  raainding  taak  ara  quita 
diffarant.  At  Figura  3b  thONt,  aara  appaaranca  aatchat  ara  by  far  tha  batt 
raaaabarad.  Thit  it  trua  for  both  tcoring  aathodt  —  ovarall  racall  tcora  and 
flat'oatch  tcora.** 

Thata  ratultt  tuggatt  that  diffarant  kindt  of  tiailarity  aatchat  ara  aaightad 
diffarantly  in  dataraining  tha  accattibility  and  tha  infarantial  toundnatt  of 
an  analogy.  In  tha  raainding  tatk,  aara  appaaranca  aatchat  aara  by  far  tha 
batt  accattad.  Trua  analogiat  accattad  only  half  at  oftan  and  falta  analogiat 
about  ona  third  at  oftan.  Evidantly,  accatt  to  aaaory  it  haavily  influancad  by 
turfaca  tiailarity  batatan  tha  bata  and  targat.  In  contratt,  in  Judging 
toundnatt  it  it  tyttaaatic  ttructural  ovarlap  that  countt.  Thut,  although 

aara-appaaranca  aatchat  aara  highly  auccattful  at  laading  tubjactt  to  accatt 
tha  bata,  tuch  aatchat  aara  nonathalatt  judgad  by  tha  taaa  tubjactt  to  ba 
tpuriout  coaparltont.  Tha  aatchat  that  paopla  find  aatiatt  to  aaka  ara  not  tha 
onat  thay  find  aoat  valuabla  in  infaranca. 

Ha  hava  racantly  rapllcatad  thata  ratultt,  adding  a  litaral  tiailarity 
condition,  and  tha  ratultt  thou  tha  taaa  pattarn  (Bantnar  b  Rattaraann,  in 
praparation) .  It  appaart  that  tha  tubprocattat  involvad  in  analogical  accatt 

11.  Both  ovarall  analytat  of  varianca  and  plannad-coapariton  t-tattt  indicata 

that  all  of  tha  diffarancat  —  HA-TA,  HA-FA,  and  TA-FA  —  ara 

tignificant  for  both  ovarall  and  flat  aatching  tcorat  (p<.001  in  all  tix 
tattt) . 
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and  judoing  analogical  aoundntii  aay  bo  influtncod  to  diHirtnt  dogrtot  by 
difforgnt  kinds  ai  liailarity. 

>  Acctsiibility  ii  proaottd  by  ovtrall  aiailarity,  but  pirhapa  tipicially 
by  lurfact  aiailarity. 

-  Infarantial  poaar  ia  govarnad  by  aiailarity  of  hightr-ordar  atructuraa. 

Thaat  acciaa  raaulta  accord  Nith  othar  rtaaarch  on  accaaa  (6ick  ti  Holyoak, 
1980,  19B3|  Road,  1967|  Raad,  Ernat  &  Banar Ji ,  1974|  Roaa,  1984,  i986|  Roaa  i 

Sofka,  1986).  In  thia  raoaarch  it  has  raliably  bsan  doaonatratad  that  aubjacta 
in  a  problaa-aolving  taak  oftan  fail  to  accaaa  prior  aatarial  that  ia 
analogous  to  thoir  currant  problaa.  For  axaapla,  in  6ick  and  Holyoak ‘a  (1980, 
1983)  studios,  aubjacta  aara  told  to  solva  a  problaa  shortly  aftar  haaring  a 
story  that  aas  in  fact  analogous  to  tha  problaa.  A  substantial  nuabar  of 
subjocts  failad  to  accaaa  tha  potantial  analogy  —  and  tharaforo  could  not 
aolva  tha  problaa  —  yat,  ahan  told  that  tha  prior  aatarial  was  ralavant,  thay 
could  solva  tha  problaa  iaaadiataly.  This  aaans  that  thair  atorad  inforaation 
about  tha  prior  story  foraod  a  good  analogy  to  thair  currant  problaa;  but  tha 
analogical  coaaonalitiaa  aora  not  sufficiant  to  causa  thaa  to  spontanaously 
accass  this  aatarial.  Furthar,  tha  work  of  Rosa  (1984,  1986;  Ross  li  Sofka, 

1986),  Raad  (1987)  and  Novick  (198S)  indicatas  that  aurfaca  coaaonaltias  ara 
iaportant  in  proaoting  accass  to  prior  aatarial.  Thus,  surfaca  sisilarity 
appaara  to  ba  a  aajor  factor  in  accassing  aatarial  in  long-tars  aaaory. 

12.  Strictly  apaaking,  wa  cannot  coapara  tha  iaportanca  of  surfaca  and 
structural  aiailarity  in  a  givan  procass,  just  as  wa  cannot  coapara  tha 
iaportanca  of  fora  and  color.  Hhat  wa  can  say  ia  that  tha  ralativa 
contribution  of  surfaca  to  structural  aiailarity  ia  graatar  in  accaaa  than 
in  infaranca.  1  thank  Brian  Ross  for  discussion  of  thia  point. 


Thitt  ritultf  an  probliaatic  for  tho  vIon  that  ■■•ory  it  noroally  indaxtd  by 
top'ltvoh  structural  such  as  plans  and  goals.  (Carbontlli  1963|  Haaaond, 
19B4).  For  if  acciss  wara  basad  on  sharad  plans  and  goals,  tha  trua  analogy 
targats  should  hava  baan  tha  bast  cuai  for  tha  basa  storias.  But  this  aas  not 
tha  casa.  Evidantly,  accass  to  aaaory  is  haavily  influancad  by  surfaca 
siailarity  batuaan  tha  basa  and  targat,  and  not  aaraly  by  sioilarity  in  causal 
structure  or  in  plans  and  goals.  Contrary  to  the  plausibla  intuition  of 
iaportanca-govarnad  indexing,  anaiogicai  accass  has  a  different  sensitivity 
profile  froa  aaaiogicai  iafaraaca. 

It  could  be  argued  that  tha  Bantnar  &  Landers  and  Bick  It  Holyoak  results  are 
not  raprasantati va  of  noraal  accass  patterns.  As  Haaaond  (personal 
coaaunication,  January,  i9B6)  points  out,  it  say  be  that  a  story-raading  task 
is  not  raprasantativa  of  roal*lifa  encoding  tasks,  in  which  plans  and  goals 
dstarsine  how  things  are  indexed  (a.g.,  Burstain,  19B3|  Carbonall,  19B3| 
Schank,  19B2).  By  this  arguaant,  tha  aaphasis  on  surfaca  inforaation  in  accass 
in  thasa  studies  results  froa  tha  fact  that  tha  subjects  wara  not  in  a  goal* 
driven  state  at  tha  tiaa  of  original  story  encoding.  This  is  a  point  worth 
further  investigation.  Thera  is  rasaarch  suggesting  that  the  aaount  of 
relational  accass  depends  in  part  on  tha  nature  of  tha  original  encoding 
(Schuaachar,  19B7).  Thus  it  saaas  plausibla  that  if  tha  original  situation  had 
baan  aora  goal-driven,  tha  effects  of  surfaca  coasonal itias  aight  hava  baan 
lowar.  However,  this  doss  not  appear  to  bo  tha  whole  answer,  for  there  is 
heavy  reliance  on  surfaca  inforaation  in  accass  even  in  problaa-iol ving 
contexts,  in  which  tha  learner  should  ba  goal-driven  throughout.  Subjects  who 
an  solving  problaas  both  at  tha  tiaa  of  tha  original  basa  problaa  and  at  tha 
tiaa  of  tha  original  targat  problaa  still  show  a  sizable  surfaca  bias  in 


accitt  (Novick,  19BS)  Retd,  1987|  Rttd,  Dtapatir  I  EttinQtr,  1985|  Raed, 
Ernst,  li  Bansrji,  1974|  Ross,  1984,  198S,  in  priss). 

Clsirly,  thsst  rssults  cannot  bt  taktn  to  otan  that  analogical  accass  " 
including  plan*batad  accass  —  navar  occurs.  8uch  raoindings  occur  at 
occasionally  in  cooaonsansa  rsasoning  (a.g.,  Laaka  I  Owans,  1984|  Kass,  1986| 
Schank,  1982)  as  wall  as  in  aspart  problao-sol ving  (Claoant,  1981,  1983,  1986) 
and,  historically,  in  sciantific  discovary  (Bantnar,  1982|  Bantnar  b 
Jaziorski,  in  praparation) .  Indaad,  in  tha  Bantnar  b  Landsrs  study  trua 
analogias  lad  to  raoindings  about  40X  o4  tha  tioa.  A  corract  oodal  of  analogy 
Mill  hava  to  account  both  for  tha  fact  that  analogical  raainding  is  ralativaly 
unlikaly  and  for  tha  fact  that  it  doos  sooatiaas  occur.  Furthar  rasaarch 
should  clarify  tha  conditions  undar  which  analogical  accass  occurs. 

Pros  a  oachina-laarning  standpoint,  it  aay  saaa  that  huoans  ara  vary  badly 
dasignad.  Tha  huoan  bias  for  ovarall-sioilarity  aatchas  rathar  than  analogical 
raoindings  oust  dopriva  us  of  countlass  potantial  insights.  But  thsra  oay  ba 
good  raason  for  this  bias.  Huoan  data  basas  ara  typically  vary  larga,  ordars 
of  oagnituda  largar  than  thosa  of  any  currant  A. I.  systaos.  An  accass  bias  for 
litoral  sloilarity  sorvos  to  raduco  tha  nuobar  of  spontanaous  aatchas  that 
hava  to  ba  chackad.  If  wo  noticad  all  tha  analogical  raoindings  that  ara 
inharant  in  our  data  basas,  tha  costs  of  chocking  potantial  aatchas  sight  ba 
prohibiti VO. 

But  although  this  azplanation  sight  Justify  our  consarvativa  prafaranca  for 
ovorall  sioilarity,  it  doas  not  asplain  why  our  accass  oachanisas  also  produca 
oara-appaaranco  aatchas.  At  first  glanca,  this  saaos  raally  duab.  Hy 
spaculation  is  that,  for  baings  with  good  parcaptual  systaas,  accass  on  tha 
basis  of  objact  dascriptions  aay  ba  a  raasonabla  hauristic  for  obtaining 


littril  liailarity  aatchtc.  Surlaca  inforaation  ia  chaap  --  that  it  aa  tata  to 
proeaaa  it  vary  aaaily  —  and,  at  laaat  in  eonerata  phyiical  doaalnt,  it  it 
fairly  raliabla.  ly  and  larga,  ahat  looka  lika  a  tigar  is  a  tigar.  Thus  tha 
coat/raliability  tradaeff  for  huaana  in  uta  of  turfaca  inforaation  aay  ba 
rathar  raaaonabla.  Whathar  aa  ahould  daaign  aaehinaa  aith  tha  aaaa  accaat 
biataa  it  not  elaar.  If  ralativa  cotta  art  diffarant  in.aachino  laarning 
tyttaat  than  a  diffarant  tradaoff  aight  ba  prafarabla.  Tha  hardar  it  it  to 
giva  a  aachina  laarning  ayataa  rich  parcaptual  rapraaantationo  and  tha  aatiar 
it  it  to  datign  afficiant  aathoda  for  chocking  largo  nuabart  of  potantial 
tiailarity  aatchao,  tha  lata  tha  payoff  for  uaing  a  huoan-lika  accott  oyttao. 

Atida  froo  afficiancy  of  accaat,  it  it  pottibla  that  a  biat  for  litaral 
liailirity  hat  aubtla  but  daap  advantagat  in  looming  vary  coaplax  tyttaat  " 
tueh  at  languaga,  or  tha  laat  of  tha  phytical  aorld  »  ahara  tha  appropriata 
ralational  atructuraa  cannot  bo  pradictad  in  advanca.  Forbut  h  Santnar  (1963, 
1914)  hava  tuggattad  that  in  auch  doaaina  initial  laarning  it  batt  datcribad 
aa  aaaaiva  atoraga  of  ONoaplara.  Than  through  aioilarity  aatchao  —  initially 
litaral  aiailarity  oatchaa  and  latar  analogiaa  coaaon  ralational  atruetura 
gradually  bacoaaa  aora  aaliant.  (It'o  aaouaad  hart  that  oaking  t  aiailarity 
aatch  haightana  tha  talianca  of  tha  aatehing  faaturaa  in  tubaaguant  oaoory 
(a.g..  Sick  4  Holyoak,  1983).)  Although  auch  a  ayataa  ia  initially  aloa,  itt 
advantaga  ia  that  Ita  avantual  abatractlona  art  baaad  on  ragularitiaa  in 
doaain  atruetura  rathar  than  on  tha  laarnar't  initial  praconcaptiona. 


R«s»«rchi 


Pragmatic  varaua  R^ructural  Accounta 

Seat  aipactt  e<  ftructura-aappinp  have  rtctivad  cenvargant  aupport  in 
artificial  intalliganca  and  paychelogy.  Thara  ia  aidaapraad  agraaaant  on  tha 
baaic  alaaanta  of  ena-to-ono  aappinga  of  ebjacta  aith  earryevor  of  prodicataa 
(luratain,  lft3|  Carbenall,  19I3|  Oardan,  IflOi  Irainar,  I9iai  Hebba,  1979| 
Hefatadtar,  19|4|  Indurkhya,  19t9|  Kadar>Caball i ,  1915)  Raad,  19I7|  Raad, 
Daopatar  b  Ettingar,  19I9|  Ruaalhart  li  Neroan,  19ll|  Van  Lahn  fc  Iroan,  19I0| 
and  Minaton,  1910,  1912).  Hoaavar,  aceounta  vary  in  tha  natura  of  tha 
aalactien  principla  that  datarainaa  juat  abicb  pradlcataa  coaa  ovar  in 
analogy.  In  otrueturo-aapping,  tha  aalactien  ruloa  aro  atructurali  naaalyi  a 
prafaranca  for  ayataaatie  relational  aatchoa.  Rragaatic  and  contaitual  factera 
influanea  tha  aatching  procaaa  only  Indirectly,  by  influancing  tha  input  to 
tha  aatehar  and  by  providing  pragoatic  criteria  againat  ahieh  raaulta  of  tha 
aateh  are  judged.  (Sea  Figure  4  balea.)  Although  aany  raaaarehara  uaa 
ayataoaticity  aa  part  of  their  aalactien  criteria,  it  ia  often  augaantad  by 
■pacific  Content  knoaladga  or  pragoatic  inferaation.  For  aHaapla,  an  taportant 
early  ayataa  aaa  Minaton  a  (1910,  1912)  eyataa,  which  uaad  a  aalaction 
criterion  baaed  on  coaaon  object  prepartiaa  and  claaaaa  but  alao  on  apacific 
relational  centanti  it  looked  for  caaaai  ralatiena  in  ita  iaportanca-guidad 
notching  algeritha.  Other  recant  acceunta  have  taken  a  aora  atrongly  pragaatic 
viau,  aaphaaiiing  the  central  role  of  plana  and  goala  in  the  analogical 
napping  procaaa.  For  a»aapla,  Carbenall  (1911,  1913)  propoaad  that  people 
coaprahand  analogiao  according  to  an  iirariaact  hitrarchy  *<*  an  ordered 
aaguancn  of  tan  interpretation  typaa,  atarting  uith  aharad  foa/-tf|actatia*> 
and  continuing  through  piaaaiag  itrattfitf,  than  caufai  structural  and  on  donn 
to  abject  ideatitiai  aa  tha  laat  raaort.  Thin  account  focuaaa  on  plana  and 
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go«lt  at  tht  tost  iaportant  htghar'ordtr  rtlatlont  for  analogical  oapplng.  It 
luggtitt  that  a  roatontr  Mill  alHayt  btgin  ty  tttking  a  cooaon  goal,  than  try 
for  a  coooon  plan,  than  a  cooaon  cautal  otructuro,  and  to  on.  Thii  it  a  vary 
difforont  kind  of  procott  froo  tho  ont  ouggottod  hart,  in  that  tht 
intorprotation  typot  art  triad  in  a  fiaad  pratat  ordar,  rathar  than  (at  hart) 
dtrivtd  by  Matching  ttructuroo.  At  a  procato  aodal ,  tht  invprianca  hiararchy 
taaat  rathar  iaplauoibla.  Thit  it  atpacially  trua  for  tcianca  analogiat.  In 
tha  haat  flon/Hatar  floo  analogy,  for  aiaoplt,  it  taoot  unliktly  that  paopla 
firtt  try  to  find  a  goal-OHpoctation  cooaon  to  haat  and  oatar,  than  try  for  a 
cooaon  planning  atratogy,  and  only  than  turn  to  cooaon  cautal  atructuro. 
HoMOvar,  Carbontll  a  hiararchy  it  a  utaful  atart  on  a  taionooy  of  tha  kindt  of 
ralational  ttructuroo  that  analogiat  can  highlight. 


Tha  puraot  aipotition  of  tha  pragoatic  vian  it  that  of  Holyoak  (IbIS).  Ha 
propotat  an  antiraly  pragoatic  account  in  Nhieh  ttructural  principlat  play  no 
rola.  In  Holyoak  t  account,  thara  ora  no  indapandant  ttructural  dittlnctiont 
aaong  pradicata  typati  tha  oily  diatinction  batHtan  turfaca  and  ttructural 
coooonaltlaa  it  that  of  ralavanca  to  tha  currant  plan.  At  Holyoak  (ItBS,  p. 
ID  ttatoti 

It  it  potoibla,  batod  on  tha  taxonoay  of  oapplng  ralationa 
diteuttod  aarliar,  to  drau  a  diatinction  batuaan  aurfaca  and 
stmeturaJ  tiailaritlat  and  ditolailarltiat.  An  idantity  batHoan 
too  problao  oituationa  that  playt  no  cautal  rola  in  datoraining 
tha  pottiblo  tolutiont  to  ona  or  tha  othor  analog  conatitutaa  a 
turfaca  aioilarity.  lioilarly,  a  atructura-pratarving  diffartnca, 
at  dtfinad  aarliar,  conatitutao  a  turfaca  dittiollarity.  In 
contract,  idantitiaa  that  influanca  goal  attainoant  conatituta 
ttructural  tiailaritiat,  and  atructura-violating  dlffaranctt 
conatituta  ttructural  dlaoioilaritiat.  Nota  that  tha  diatinction 
botuoan  turfaca  and  ttructural  tiailaritiat,  at  utad  hart,  hingat 
on  tha  ralavanca  of  tha  proparty  in  quattion  to  attainoant  of  a 
tuccattful  aolution.  Tha  diatinction  thut  crucially  dopandt  on  tht 
goal  of  tha  problta  tolvar. 


Notice  that  this  account  it  lolely  Nrayoatlc.  Relevance  does  not  awfetat 
coneiderationa  o^  predicate  etructure«  but  rtpiacti  thee.  Helyeak  arguea  that 
■yeteoatlclty  la  an  eplphenooenoni  ohat  paaeee  for  etructural  oatchlng  tt 
actually  the  reaaener'a  attention  to  the  cauaal  aaeertlona  that  aupport 
current  goala.  Structural  alallarltiee  are  defined  ae  ‘Identltiea  that 
influence  goal  attainoent.*  and  aurfact  elollarity  ae  *an  identity  betneen  two 
problee  aituatloni  that  playa  no  cauaal  role  In  deterelnlng  the  poaaible 
aolutlona  to  one  or  the  other  analog. '  Thua  the  dlatinctlon  betneen  aurface 
and  atructural  aiollarltlea  *hlngen  on  the  relevance  of  the  property  In 
queation  to  attainoent  of  a  aucceaaful  aelution.  The  dlatinctlon  thua 
crucially  deponda  on  the  goal  of  the  probleo  oolver.' 

Thia  vie«  haa  an  looedlato  appeali  it  focuaea  attention  on  analogy  aa  an 
aapoct  of  goal'dlrocted  roaaoning.  Like  the  oork  of  Rurateln  (lbl3),  Carbonell 
(Ifll)  and  Kedar*Cabelll  <19IS)|  It  eophaaliea  the  ioportance  of  conteutual 
relevance  In  analogical  proceaalng.  Thoae  are  aapecta  of  analogy  that  ouat  be 
taken  into  conalderatloni  and  Indeed  I  *111  auggeat  a  aay  to  aodel  theae 
factora  belo*  <See  Figure  4.).  Hooever,  Helyeak 'a  account  geea  ouch  further 
than  the  othera  eentlenedi  It  preolaea  to  rapJact  atructural  conaiderationa 
like  ayateeaticl ty  «lth  an  ecologically  natural  notion  of  the  reaaoner'a  goal, 
lut  looked  at  cloaely,  the  pragoatlc  prepoaal  reveala  aerloua  problooa. 

The  flrat  dlaadvantage  of  the  purely  pragsatic  account  la  that,  bocauae  tt  la 
a  one-factor  ayatoo,  it  cannot  capture  the  dlatinctlon  botneen  aoundneaa  and 
relevance.  An  analogy  can  be  rejected  in  a  probl ee-aol vlng  aituation  for  tuo 
different  reaaonai  it  can  be  judged  unaound  --  i.e.,  lacking  in  aufficient 
atructural  overlap  to  aupport  ioportlng  inferencea  fro*  baae  to  target  --  or 
it  can  be  judged  irrelevant  --  I.e.,  aa  aupportlng  inferencea  in  the  target 
but  not  the  Inferencea  needed  at  the  ooaent.  To  capture  both  theae 


poBtililitifft,  «  tueofACter  thtory  it  ntcttttryi  prtgattic  crittria,  Nhiclt 
90vtrn  rtltvanee,  Bust  ba  ttptrattd  frot  ttructural  critaria,  ahich  govtrn 
aounbnaaa.  Tha  partly  raltvanct-baaad  account  ancountara  othar  aarioua 
problaaa  aa  aalli  tinea  ttructural  iOantitiaa  (a  bit  of  a  aianoaar  hara)  ara 
dafinao  aa  faa/*raifvaat  idaat/tiaa,  tfta  intarpratation  aachaniaa  raquiraa 


that  tba 

bava  a  goal  in  ordar  to 

dari va 

an  intarpratation  of 

an 

analogy. 

Outaida 

of  a  goal ‘Contaxt ,  tbara 

it 

no  baaia  for  cbooaing  ahich 

aateboa 

to  kaap. 

Vat  aa  knoa  that  paopla 

can 

coaprabond  an  analogy 

in 

iaelation. 

Finally,  it  a  not  claar  ahathar  a  puraly  pragaatic  account  it  coaputational 1 y 
faaaibla.  Nolyoak  and  Thagard  outlina  a  coaputor  aiaulation  of 

analogical  procaaaing  callod  FI.  Hoaovar,  thara  doaa  not  appaar  toi  ba  any 
publiahad  account  to  data  containing  anough  datail  to  aacartain  abathar  it 
oparataa  according  to  tha  pragaatic  account,  ahatbar  it  rubt  on  aora  than  tba 
atngla  aaaapla  daacribad,  and  boa  aufficiant  or  officiant  it  it.  1  aill  raturn 
to  tbaaa  pointa  baloa,  aftar  auggaating  abat  1  baliava  it  a  battar  aay  to 
aodal  tba  intaraction  bataaan  atructura  and  contaxt. 

Fiaaa  aid  foaia  la  a  atracturai  accoaat.  Flana,  goala  and  axpactationa  ara 
taportant  tbrougbout  cognition  (Nillar,  lallantar  I  Fribraa,  1940|  Sebank, 
lfl2|  Ichank  I  bbalaon,  1977).  A  coaplato  aodal  of  analogical  problaa  aolving 
auat  taka  account  of  tba  plana  and  goala  of  tba  raaaonar  (a.g.,  luratain, 
19g3|  Holyoak,  l9gS|  Kodar-Cabal 1 i ,  ifgs.)’*  HoMOvar,  tba  fact  that  plana  and 
goala  ara  iaportant  in  analogical  raaaoning  doaa  not  aaan  tbay  abould  ba  built 
into  tba  analogy  angina.  Analogy  occura  in  othar  contaxta  baoidaa  problaa- 

13.  I  thank  bark  luratain  for  aany  livaly  and  tnaightful  diocuaaiona  on  thia 
point.  Hit  arguaanta  bava  lad  aa  to  giva  plana  and  goala  a  aora  axplicit 
rola  in  ay  account. 
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tolving*  And  in  tht  othtr  dirtctlon,  pling  gnd  goglt  gffict  ggny  difftrint 
kindi  ef'Auagn  rigioning.  In  othar  aerdt,  ahat  diffarantiataa  gnalogy  froa 
othar  precaaaaa  it  net  the  uaa  of  plana  and  gealti  it  it  the  natura  of  tha 
coaputation  parferaad.  Hhat  ia  naadad  ia  an  account  that  capturaa  ahat  ia 
apacific  and  aaaantial  to  analogy,  ena  that  ia  applicable  to  problaa-aol ving 
uata  of  analogy  aitheut  being  reotricted  to  thaa. 

I  propoaa  tha  architecture  ahoan  in  Figure  4.  Thia  architecture  providea  for  a 
purely  atructural  analogy  precoaaer  aheae  iaput  repraaentationa  and  output 
evaluation  are  influenced  by  plana  and  goala.  In  a  problea-aol ving  aituation, 
the  reaaener'a  goala  influence  the  aay  the  target  problao  ia  repreeanted  in 
aorking  aeeory.  Thia  in  turn  influencaa  ahat  gate  acceaaed.  Once  the  potential 
bate  analog  ia  acceaaed  froa  long-tara  aeaory,  tha  analogy  engine  rung  ita 
courae.  Tha  engine  producaa  an  interpretation  including  candidate  inferencea 
and  alae  a  atructural  evaluation.  If  the  atructural  evaluation  ia  too  low  -- 
1.0.,  if  the  depth  and  aiie  of  the  ayatea  of  conaiatently  aatching  pradicatea 
ia  toe  lee  then  the  analogy  eill  be  rejected  on  atructural  grounda.  If  the 
analogy  paaaaa  the  atructural  criterion,  then  ita  candidate  inferencea  auat  be 
evaluated  eith  raapect  to  the  goala  of  the  rtaaoner.  In  teraa  of  the  coaputer 
aodal,  thia  auggeeta  adding  a  centORt-aenaiti vo,  eRpectatlon-dri van  aodule  to 
evaluate  the  output  of  SHE.  Thua,  plana  and  goala  influence  the  procaaa  both 
before  and  after  the  analogy  enginei  but  the  engine  itaelf  ia  can  bo  run 
Mithout  overt  goala.  Thia  architecture  appeari  coopatible  uith  the  coebination 
aodela  propoaed  by  luratein  (19t3)  and  Kedar-Cabel 1 1  (1989),  ehich  coabine 
atructural  rulea  uith  a  pragaatic  coeponont  ao  aa  to  chooaa  an  i ntarpretat i on 
that  ia  both  conaietent  and  contoRtually  relevant. 

In  the  BOdel  propoaed  here,  both  atructural  propertiea  and  contextual* 
pragaatic  conaiderationa  enter  into  analogical  problea  aolving,  but  they  art 
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not  tquotfd.  6oalf  an  not  rtquind  to  dofini  an  analogical  oatch.  Tht  analogy 
tngint  if  a  wtll-dt^intd,  ttai -autonooout  lyatto  Mhoft  rttultf  inttract  Mith 
othor  procfftti,  analogous  to  tho  uay  tooo  natural-languagf  oodtls  havf 
poftulatfd  ftai-autonooous  intiracting  tubsystias  for  syntax,  ssaantics  and 
pragaatics  (t.g.,  Roddy,  Eraan,  Fsnnoll  t  Ntsly,  1973).  This  allows  us  to 
capturs  ths  fact  that  analogy  oust  satisfy  both  a  structural  and  a  pragoatic 
critsrion.  In  addition,  any  candidata  infarancas  that  rasult  froa  an  analogy 
oust  ba  tastad  for  validity  in  tha  targat  doaain.  At  a  oiniaua  this  naans 
chacking  whathar  contradictory  infornation  alraady  axistsi  it  aay  also  includa 
conducting  axpariaants  to  varify  tha  pradictions  (Bantnar,  1982(  Brainar, 
19B6).  Thus  thara  ara  thraa  saparata  avaluation  critaria  for  analogy! 
soundnass,  validity  and  (whan  appropriata)  ralavanca. 

Saparating  tha  pragaatic  contaxt  froa  tha  actual  analogy  procassor  has  othar 
advantagas.  Unlika  puraly  pragaatic  thaorias,  it  capturas  tha  fact  that  paopla 
can  coaprahand  an  analogy  in  isolation,  with  no  contaxt  at  all,  and  that  in  so 
doing  thay  appaar  to  usa  oany  of  tho  saaa  proeossas  as  thay  do  in  a  problaa* 
solving  contaxt.  For  axaapla,  considar  this  analogy! 

Mit  is  tha  salt  of  convarsation,  not  tha  food.  (Hazlitt) 

I  suspact  that  aost  raadars  can  dariva  its  aaaning  without  prior  pragaatic 
contaxt.  Furtharaora,  if  soaaona  triad  to  usa  this  analogy  with  tha  goal  of 
doaonstrating  that  baing  funny  is  tha  aost  iaportant  thing  in  convarsation, 
you  would  probably  fool  that  tha  analogy  failad  to  support  tho  spaakars  goal. 
That  is,  you  would  bo  abla  to  dariva  an  indapandant  structural ly-basad 
intarprotation  of  tha  ootaphor,  which  you  could  than  coapara  with  tha 
spaakar's  goals  to  saa  how  affactivaly  it  supportad  thaa.  Of  coursa,  as  with 
othar  kinds  of  procassing,  analogical  sapping  should  ba  fastar  and  aasitr  in 
tha  contaxt  of  pragaatic  axpactations  consistant  with  a  corract  structural 


30 


inttrpritation,  «nd  harder  with  inconaistent  prior  pragaattc  ONpactationi .  But 
that  ii  vary  dHfirtnt  froa  laying  that  plana  and  goali  ara  raquirad  for 
analogical  procaaaing. 

I  have  occaiionally  hoard  paopla  dafand  tha  goal-cantarad  approach  againat 
axaaplaa  lika  the  above  by  arguing  that  in  auch  analogiai  *tha  ipaakar'i  plana 
and  goali  ara  derived  froa  tha  aatch."  Of  couria,  but  thii  ii  exactly  ay 
pointi  without  naading  any  advance  knowledge  of  tha  ipaakar'i  goali,  wa  can 
apply  our  analogy  angina  to  derive  a  coaaon  relational  itructure  which  wa  then 
infer  (in  tha  abaanca  of  contradictory  inforaation)  to  be  the  ipoakar'a  goal. 
Thui  itructural  aatchei  are  uiad  to  dataraina  goalai  thia  ii  tha  oppositt  of 
tha  claia  that  goal-ralevanca  auit  drive  tha  aatching. 

Another  advantage  of  laparating  pragaatic  relevance  froa  itructural  aatching 
ii  that  it  allow!  a  batter  account  of  ipontanaoua  ganaration  of  analogy. 
People  often  generate  analogiai  that  have  no  obvioua  rilavanca  to  plana  and 
goal!.  For  axaapla,  Bowaraan  (paraonal  coaaunication,  June,  1985)  raporti  tha 
following  analogical  raainding.  She  heard  an  aabulanca  approaching  and  aaw  tha 
can  pulling  over  to  tha  aide  of  tha  road,  one  after  another.  She  auddanly 
thought  of  a  aanaitiva  plant  —  a  aiaoaa  ■*-  which  hai  tha  charactariitic  that 
whan  touched  ita  laavai  ihrink  in  toward!  tha  itaa  in  linear  luccaaiion  along 
tha  length  of  tha  itaa.  Exaaplei  lika  thia  ara  faailiar  to  all  of  ua.  They 
ahow  that,  though  analogy  aay  be  uaad  to  aarva  our  plana  and  goali,  ita  nature 
doai  not  raguin  a  goal-oriantad  context.  Tha  purely  pragaatic  account  of 
analogy  could  not  handle  luch  axaaplaa,  ainca  it  raquirai  prior  plana  and 
goal!  in  order  to  operate.  Holyoak  (19B5)  ii  awara  of  thia  liaitation  and 
itatai  that  hia  pragaatic  account  ia  aaant  to  apply  to  analogy  in  problaa- 
aolving.  But  having  to  poitulata  laparata  procaaaora  for  analogy  in  iaolation 
and  analogy  in  problaa-iol ving  antaila  a  lubatantial  loai  of  .generality. 


Ont  rtAson  for  thi  intirtft  in  contfnt-tptcif ic  or  pragoatlcal ly  drivtn 
inttrpritition  proctttet  hat  btan  a  conctrn  that  purily  itructural  inforaation 
it  iniufficiint  to  guidi  analogical  aapping.  Tht  ividanci  froa  tha  Structart> 
aapping  Engina  to  far  luggattt  otharaitt,  tinea  it  ganaratat  intuitivaly 
plautibla  antaart  and  doat  to  rapidly  (Falkanhainar ,  Forbut  li  Santnar,  1986). 
SHE  it  abla  to  rajact  initially  plautibla  pradicata  aatchat  lika  "LIQUID 
(aatar)  — >  LIQUID  <coffaa)*  puraly  on  tha  batit  of  contittancy  and 
tyttaaaticity.  So  far  SHE  hat  parforaad  tuccattfully  on  ovar  30  diffarant 
analogiat.  Ittuat  of  tha  tufficiancy  and  afficiancy  thit  of  approach  ttill 
raaain,  of  courta.  Ha  ara  axploring  a  variaty  of  axaaplat  to  taa  ahara  and  hoa 
tha  tyataa  braakt  doan.  But  at  pratant,  tha  ttructural  approach  lookt  quita 
poaarf ul . 

Concl usi onm 

Ovarall,  tha  advantagat  of  tha  ttructura*aapping  approach  ara 

(1)  Itt  rulat  can  ba  ttatad  pracitaly. 

<2)  Sinca  tha  rulat  ara  ttatabla  in  tarat  of  tha  structure  of  tha 
knoMladga  rapratantation,  ua  do  not  hava  to  knoN  in  advanca  which  pradicatat 
ara  going  to  bo  tharad  in  ordar  to  gonarata  or  procatt  an  analogy. 

(3)  Saparating  ttructural  rulat  froa  pragaatict  allowt  ut  to  captura  tha 
dual  raquiraaantt  of  toundnatt  and  ralavancai  and  it  allowt  ut  to  captura  tha 
coaaonal itiat  aaong  analogy  intorpratation  acrott  diffarant  pragaatic 
contaxtt. 

(4)  Tha  dittinctiont  botwaan  objact  datcriptiont,  ralatlont  and  highar- 
ordar  ralationt  load  to  a  tiailarity  tpaca,  with  dittinct  tubclattat  of 
tiailarity  batad  not  only  on  hen  aany  pre^icites  ovorlap  batwoan  bata  and 
targat,  but  on  what  kind  of  predicetes  ovarlap. 
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Thi  rtfultf  rtvitwtd  htre  have  ieplicatlons  for  theories  of  learning  by 


analogy  and  sieilarity.  First,  they  indicate  that  the  analogy  process  is 


decoaposable  into  different  eechanitas,  with  very  different  characteristics. 


Second,  they  show  that  an  adequate  treataent  of  siailarity  aust  distinguish 


different  subclasses  of  siailarity  with  different  psychological  privileges. 


Third,  they  provide  further  evidence  for  the  psychological  reality  of 


structure-aapping  processes  in  analogyi  it  appears  that  people  can  carry  out 


rather  sophisticated  structural  aatches  in  the  course  of  coaprehending 


analogy.  Finally,  these  results  have  iaplications  for  the  nature  of  siailarity 


itself.  Careful  analysis  of  different  kinds  of  predicate  aatches  aay  be 


central  to  aodeling  the  role  of  analogy  and  siailarity  in  learning. 
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